Exostosis occurs in the ribs either sporadically or as a manifestation of a genetic disorder known as hereditary multiple exostoses. Costal exostosis may cause chest pain and, on rare occasions, result in hemothorax, pneumothorax, hemopneumothorax, and diaphragmatic or pericardial laceration. We report a case of pneumothorax in a 16-year-old boy with exostosis in the right seventh and eighth ribs. He previously received a diagnosis of multiple exostoses and underwent costal resection. The lung and pleura were injured because of long-term friction between the exostoses and the visceral pleura. To the best of our knowledge, this is only the fourth report of pneumothorax caused by costal exostosis. Moreover, all previously reported cases of pneumothorax or hemopneumothorax caused by costal exostosis, including the present case, involved lower lobe injury.
Introduction
Hereditary multiple exostoses (HME) is an autosomal-dominant condition characterized by exostoses that appear in different parts of the skeleton. Lesions mainly occur in infants and children, and usually cease enlarging at puberty. HME in the ribs (i.e., costal exostosis) is rare and is generally asymptomatic, and about 30 cases of intrathoracic complications have been reported. 1 2 3 These complications include hemothorax, pneumothorax, hemopneumothorax, diaphragmatic or pericardial lacerations, and visceral pleural injury. We report a case of pneumothorax caused by long-term costal exostosis. To the best of our knowledge, there are only three previous reports of pneumothorax 4 5 6 and one previous report of hemopneumothorax, 7 and both conditions were caused by costal exostosis and involved lower lobe injury. 
Case report
A 16-year-old boy was admitted to our hospital because of right-side pleuritic chest pain. He had no history of recent trauma. He previously received a diagnosis of multiple exostoses, and his family history was significant for multiple exostoses in his grandfather, father, brother, and sister. Chest radiography showed right pneumothorax and a mass arising from the seventh and eighth ribs (Fig. 1) . Chest computed tomography (CT) indicated exostosis from the right seventh and eighth ribs anteriorly, with a long, bony spur pointing directly inward to the thoracic cavity ( Fig. 2) , but CT showed no bulla. Chest drainage was performed for the treatment of his pneumothorax. Four days later, the air leakage stopped. However, as the pneumothorax was considered to be caused by the exostosis, we determined that surgery was necessary to establish the definitive diagnosis and prevent future recurrence. Operation for costal resection was performed by video-assisted thoracoscopic surgery. The first port was made in the anterior axillary line of the sixth intercostal space in which a chest drainage tube was inserted. The second port was placed anterolateral to the fourth intercostal space to which the camera was moved for a better view of the exostosis. The third port was placed posterolateral to the fifth intercostal space. A bony exostosis was found arising from the posterior aspect of the anterior portion of the seventh and eighth ribs (Fig. 2) . There was no obvious clot or source of bleeding, but marked thickness of the visceral pleura of segment eight, facing the exostosis was observed. It was considered that the air leakage originated from this area of thickened visceral pleura. However, the air leakage was stopped intraoperatively, and therefore, we did not perform partial resection of the lung tissue but only resection of part of the rib with the inward-projecting exostosis using a rongeur. His postoperative course was uneventful. A pathological evaluation of an exostosis specimen revealed cartilage, bone, and fibroconnective tissue consistent with findings of exostosis. There was no evidence of malignancy.
Discussion HME is an autosomal-dominant condition characterized by multiple exostoses, usually observed in the long tubular bones of the extremities such as the femur, tibia, fibula, humerus, radius, and ulna. Involvement in other bones such as the ribs, scapulae, pelvis, and vertebrae is rare. Solomon 8 reported that the ribs were involved in 32 of 76 (42%) patients with exostoses. Despite this relatively high prevalence of exostosis arising from the rib, complications such as hemothorax, pneumothorax, and hemopneumothorax are very rare. About 20 cases of hemothorax as a complication of rib exostosis have been reported, which included injury to the pleura, 9 diaphragm, 10 and pericardium.
11
Three cases of pneumothorax 4 5 6 and one case of hemopneumothorax 7 as complications of costal exostosis have been reported (Table 1) . To the best of our knowledge, the present case is only the fourth report of costal exostosis causing pneumothorax as a result of lung injury. The etiological mechanisms proposed by most authors include laceration to the pleura, diaphragm or pericardium by the relatively sharp margins of an intrathoracic exostosis. In the present case, no obvious source of bleeding or damaged lung tissue was observed and, although there was marked thickening of the visceral pleura located in segment 8 facing the exostosis, neither the pericardium nor the diaphragm was lacerated or punctured. We considered that the local visceral pleural changes were induced by longterm friction between the intrathoracic exostosis and visceral pleura and that spontaneous rupture of the visceral pleura and laceration of the lung may have caused the pneumothorax. The respiratory motion of the lower lobe is greater than that of the middle (in the right lung) or upper lobe. Thus, pneumothorax may easily occur in both the lower lobe and visceral pleura as a result of lung injury caused by exostosis. Previously, in three reports of pneumothorax 4 5 6 and in one report of hemopneumothorax, 7 all cases involved lower lobe injury caused by exostosis, although one case was not described in detail. Rib exostosis can be difficult to visualize on standard chest X-ray films. Chest CT is usually more useful in establishing the diagnosis and confirming associated intrathoracic abnormalities. Costal exostosis in HME can be much easier to diagnose if there is a significant familial history, and because of the frequent involvement of characteristic deformities resulting from the deficient growth of involved bones. 12 Patients with HME should be examined using CT to detect the presence of intrathoracic exostosis and if detected should be closely followed up. 
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